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Sleep, like food and water, is a basic need for the human beings\[[@ref1]\] and plays a major role in the functions of immune system and cognitive and musculoskeletal system.\[[@ref2]\]

In fact, sleep is one of the effective factors in individuals' quality of life, and in addition to its vital role in maintaining body physiologic function, it speeds up the process of healing in injured tissues.\[[@ref3]\] Despite many unknown aspects of the role of sleep in health and diseases, lack of sleep is directly associated with poor mental and physical function.\[[@ref4]\] Deprivation of sleep can be accompanied with important complications\[[@ref5]\] and negatively influences individuals' and public health.\[[@ref6]\]

Research shows that about 56% of the patients are deprived from sleep on their first day of hospitalization,\[[@ref7]\] while many of them consider sleep disorders as a natural experience resulting from their hospitalization.\[[@ref8]\] Prevalence of sleep disorders in intensive care units (ICUs) is especially notable as sleep is one of the common problems of the patients hospitalized in ICUs.\[[@ref9][@ref10][@ref11][@ref12][@ref13]\] Patients hospitalized in ICUs are awake about 50-60% of their sleep time, and at the most in 3-5% of the remaining time, reach the third and fourth stages of sleep, which play the healing stages of sleep.\[[@ref1]\] Weinhouse quoting from Rotendy states that 38.5% of saved critical patients who underwent mechanical ventilation for at least 48 h were not able to sleep; 40% of them remembered waking up at midnight and 35% hardly fell asleep during their hospitalization.\[[@ref14]\] Nelson *et al.* mentioned that sleep disorder was the second stressful factor in cancer patients hospitalized in ICUs.\[[@ref1][@ref15]\]

In addition, former research showed a tight correlation between sleep disorder and systemic diseases, and mortality.\[[@ref16]\] Sleep disorder can also reduce respiratory muscular resistance and interfere with patients' separation from mechanical ventilation.\[[@ref17]\]

In critical care units, numerous factors can attribute to sleep disorder.\[[@ref18]\] Noise, light, treatment interventions, pain procedures, and psychological and mental stress are among the few factors which cause sleep disorder in hospitals.\[[@ref8][@ref19][@ref20]\] Critical patients face such factors, and despite the intensity of their disease, they experience more caring interventions such as checking the vital signs, X-rays, phlebotomy, and medication.\[[@ref14]\] Generally, it can be mentioned that physiologic, psychological, mental and environmental factors play a role in the incidence of sleep deprivation in hospitalized patients. Meanwhile, the basic physiologic factors including medications, pain and disease, and main psychological and mental factors like stress and concerns are the causes for sleep disorder.\[[@ref8]\]

Therefore, despite numerous factors which affect sleep disorders, the environment of ICUs is considered to be a possible important factor for sleep disorder.\[[@ref6]\] A convenient environment is essential for a quality sleep, but the environment in an ICU is not only strange and unfamiliar for the patient but also contains lots of environmental stimulators which can negatively affect sleep.\[[@ref21][@ref22]\]

Numerous studies from 1970 showed that ICUs contain high levels of noise, making them stressful for the staffs and patients.\[[@ref21]\] Research shows that mean noise in ICU is 53-65 dB and reaches over 80 dB in a 24-h period.\[[@ref8][@ref14]\] Meanwhile, based on the guideline published by the World Health Organization (WHO), the optimum standard noise levels during day and night are 35 and 30 dB, respectively, and higher levels can lead to negative effects such as sleep disorders, low atrial O~2~ saturation, hypertension, and delayed healing, and an increase in the risk of re-hospitalization.\[[@ref23]\]

Another important environmental factor causing sleep disorder in ICU is exposure to light.\[[@ref17]\] Regular light and dark cycles which are used for regulation of body biologic clock play a major role in sleep and wake-up cycle.\[[@ref4]\] Being exposed to light is the initial factor which affects circadian rhythm. On the other hand, nightly secretion of melatonin is prohibited with exposure to light. In recent decades, some research has been conducted in relation to melatonin secretion in patients hospitalized in ICU, which shows these patients suffer from acute sleep deprivation as a result of low nocturnal secretion of melatonin.\[[@ref17]\]

ICUs disturb natural light--dark cycle in two ways. Firstly, the patients in these wards may be deprived of natural light due to absence of windows, and secondly, artificial lights may remain on in ICUs during the entire 24 h, while exposures to natural light during day time and darkness during night are essential to preserve a strong circadian rhythm for secretion of melatonin and for patients' rest.\[[@ref4]\] The light in ICUs has been reported to be averagely 5-1400 lux\[[@ref14][@ref17]\] and this issue has highlighted the role of the level of light in ICUs as a disturbing factor for sleep and circadian rhythm.\[[@ref14]\]

Based on all aforementioned issues, it can be concluded that noise and inappropriate light are directly associated with shortage of sleep, and with regard to the hazardous effects of this shortage, as a known phenomenon, on ICU patients,\[[@ref24]\] effective interventions to promote the quality of sleep among these patients are essential.\[[@ref17]\] In fact, control of light and noise can control anxiety and improve patients' sleep through a non-medicational approach.\[[@ref25]\]

One of the ways to control light and noise is to use earplugs and eye mask, which are considered not only cost-effective and noninvasive but also convenient to use.\[[@ref26]\] Richardson *et al.*,\[[@ref26]\] Wallace *et al.*,\[[@ref27]\] and Fung\[[@ref17]\] showed that using tools such as earplugs and eye mask positively affect sleep, and through a cost-effective, convenient, and safe treatment, longer period of sleep with better quality is achieved.

Despite recommendations of using earplugs and eye mask in ICUs, their efficiency has not been proved. On one hand, most of the research in this field has focused on just reduction of environmental noise and not concurrent use of both noise- and light-reducing techniques.\[[@ref17]\] On the other hand, use of self-report tools is an applicable method to assess patients' sleep,\[[@ref28]\] and patients' personal report of sleep (like report of pain) is the best criterion for sleep quality measurement. Although the individuals can best judge about their falling or not falling asleep,\[[@ref25]\] most of the research in this field has focused on the use of physiologic tools like polysomnography or actigraphy, while mental investigation tools of sleep quality have been less used. In addition, lack of local studies in this field in ICUs led us to conduct this study to investigate the effect of earplugs and eye mask on patients' perceived sleep quality in ICU.
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This is a two-group two-step cross-over clinical trial in which the subjects were also the control group. In order to calculate the sample size, the researchers f ound the mean and standard deviation needed to determine the sample size, and based on that, S1 = 19.9, X1 = 32, and S2 = 18.9 and X2 = 42.9 were obtained.\[[@ref8]\]

Then, based on the confidence interval of 95% and α =0.05 for the study and with the help of a statistically valid chart and sample size calculation formula, sample size of 24 was obtained for each group. Keeping in mind subjects dropping out, a sample size of 25 was finalized for each group. Next, the researcher selected 50 patients hospitalized in ICUs of the selected hospitals affiliated to Isfahan University of Medical Sciences through convenient sampling, after getting necessary permissions. The selected patients were divided into two groups by random allocation. Inclusion criteria were age \>18 years, orientation to time and place, ability to read and speak in Persian and ability to attend the study (wearing earplugs and an eye mask), at least 48 h should have passed after patients' surgery (if the patient had), no history of head injury (traumatic or pathologic), and lack of sleep chronic disorders and mental diseases.

Exclusion criteria were incidence of any injuries to eyes or ears, existence of allergy to earplugs or eye mask, and patients' or their families' interest to leave the research. A written informed consent was obtained from all the subjects before the study started. In group A, after educating patients concerning the correct way of wearing earplugs and eye mask at the first night of treatment (intervention), each patient received a pair of earplugs and an eye mask and was asked to sleep at 10 PM or earlier (if they liked) while wearing the earplugs and eye mask. At the second night (control night), the patients in this group were asked to sleep at 10 PM or earlier (if they liked) without wearing the earplugs and eye mask. In group B, at the first night of study (control night), the patients were asked to sleep at 10 PM or earlier (if they liked), with earplugs and an eye mask.

At the second night (treatment night), after educating the correct way of wearing earplugs and eye mask, each patient received a pair of earplugs and an eye mask and was asked to sleep at 10 PM or earlier (if they liked) while wearing the earplugs and eye mask. Like group A, if the patients were not able to wear earplugs and eye mask, the researcher or his colleagues helped the patients with that. Earplugs and eye mask were removed just in case of a necessity at treatment night, and if earplugs or eye mask were spontaneously removed, the subjects could wear them again themselves; but if the patient was asleep, he or she was not awaken to wear earplugs or eye mask. If the patients intentionally removed the earplugs or eye mask, the decision was up to them to wear those again or not. Measurement of patients' perceived quality of sleep was conducted using Verran and Snyder-Halpern (VSH) standard tool to measure the quality of sleep, which has been translated into Persian and is a visual linear tool whose validity and reliability have been confirmed in various studies on investigation of sleep quality among the patients hospitalized in ICU.\[[@ref29][@ref30][@ref31]\]

This tool defines mental quality of sleep through use of three components of sleep effectiveness, sleep disturbance, and supplemental sleep. Its most important feature is the capability of being completed quickly and comparison of patients' quality of sleep with their natural sleep.\[[@ref32]\] Persian version of this tool was checked and confirmed by 10 academic members of nursing, medical professors, and skillful nurses.

At the beginning, baseline information such as age, sex, level of narcotic medication consumption, mean hours of patients' sleep before hospitalization, and facilitating tools used by the patients to fall asleep before hospitalization were recorded. Quality of sleep was assessed the day after treatment night and control night at 9 AM by completing the VSH sleep scales.

If the patients were asleep at that time of VSH sleep scales' completion, it was postponed to the time they were awake.

In this study, to complete VSH questionnaire, the researcher asked the patients to choose a point indicating the quality of their past night sleep somewhere between 0 and 10, while showing a 10-cm line (visual analog scale), in response to each of his questions, so that he could mark it. Then, the distance of the marked point from the point of zero was measured in centimeters and recorded as the score of the related question. Scores of the questions in each component were summed up as the total score of that component. The data were analyzed by SPSS version 18, and *P* \< 0.05 was considered significant. As the design of the present study was cross-over, in order to confirm the results of earplugs and eye mask use in the components of sleep effectiveness and sleep disturbance, carryover effect and periodic effect were determined and analyzed.

As in the measurement of sleep supplementation, actually the effect of quality of the first night sleep on this component was measured and this component was investigated at the end of the study through comparison of the data related to supplemental sleep in the second step of designing the tool, and did not follow the cross-over design. The present study has been derived from the master degree research project of the second author and has been already approved by vice chancellor for research of Isfahan University of Medical Sciences concerning ethical considerations.
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A total of 50 subjects (27 women and 23 men) were investigated. Each group contained 25 subjects. At the end of the study, the data obtained from each group and the data of both steps were compared with each other, with regard to the effective demographic information.

Mean sleep effectiveness of the patients in group A in the treatment step and control step were 30.18 and 19.12, respectively.

Paired *t*-test showed a significant difference in group A patients in the two steps of treatment and control \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparing the means scores of effectiveness and disturbance within the two groups in the control and treatment nights

![](IJNMR-19-673-g001)

The obtained data related to group A patients' sleep disturbance showed means of 53.22 in the treatment and 34.48 in the control steps.

Paired *t*-test showed a significant difference in group A patients in the two steps of treatment and control \[[Table 1](#T1){ref-type="table"}\].

Investigation of the data related to group B patients showed that the mean sleep effectiveness was 13.64 and 31.66 in the control and treatment steps, respectively. Paired *t*-test showed a significant difference in group B patients' sleep effectiveness in the two steps of control and treatment \[[Table 1](#T1){ref-type="table"}\].

The obtained data related to group B patients' sleep disturbance showed means of 17.74 and 50.64 in the control and treatment steps, respectively. Paired *t*-test showed a significant difference in group B patients' sleep disturbance in the two steps of control and treatment \[[Table 1](#T1){ref-type="table"}\].

To investigate the main effect of earplugs and eye mask on the components of sleep effectiveness and sleep disturbance in patients of both groups in the two steps of treatment and control, mean score changes of sleep effectiveness and sleep disturbance were investigated by one-sample *t*-test and compared with score of zero. The results showed a significant difference in the components of sleep effectiveness and sleep disturbance in the two steps of treatment and control \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparing the mean score changes of effectiveness and disturbance between the two steps of control and treatment
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Although the main effect of treatment was very significant, carryover effect in the two groups showed *P* = 0.03 for sleep effectiveness and *P* = 0.02 for sleep disturbance, which revealed positivity of this effect in these groups and short period of washout time between the steps of treatment and control. It should be also noted that due to limitations in hospitalization time among conscious patients in ICU, increase in washout time was hardly possible. To investigate positive periodic effect, patients' mean scores of effectiveness and sleep disturbance in the two groups were compared, and the results revealed the existence of periodic positive effect for the component of sleep disturbance (*P* \< 0.001) and negative effect for sleep effectiveness. Covariance test showed a significant difference in sleep supplementation scores in the two groups in the second step of measurement (*P* \< 0.001, df = 1, ER = 47, F = 22.1). It was such that in group A and group B, the means were 27.1 and 16, respectively. The results of the present study showed that usage of earplugs and an eye mask had a high effect on patients' sleep supplementation, so that their level of sleep supplementation and daily nap decreased, possibly as a result of an increase in their night sleep. With regard to sleep effects of narcotics, patients' consumption of narcotics in the two steps of treatment and control were compared. The obtained results showed the level of consumption of these medications was not significantly different (*P* = 0.282). Of course the mean level of their consumption was lower in the treatment step (2.32 mg) compared to the control step (3.12 mg), and some patients had not even received any narcotics in the treatment step.
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Intergroup results of the present study showed a significant difference between the mean scores of sleep in the control and treatment groups, so that the score of patients' nocturnal sleep quality enhanced at the night of wearing earplugs and eye mask, which is consistent with the results of Neyse *et al.*,\[[@ref33]\] Fung,\[[@ref17]\] Richardson *et al.*,\[[@ref26]\] Koo and Koh,\[[@ref34]\] and Xie *et al.*\[[@ref35]\] In a study conducted by Pongam (2005) in American Sleep Laboratory on 40 healthy individuals to investigate subjects' sleep quality by polysomnography, wearing earplugs was observed to have improved the subjects' sleep by 67.6%.\[[@ref36]\]

Neyse *et al.* (2011), in a study in Baghiatollah University of Medical Sciences on the patients hospitalized in ICU, showed that wearing earplugs increased their quality of sleep.\[[@ref33]\] Scotto *et al.*, in a study investigating the effect of earplugs on mental experience of sleep among patients hospitalized in cardiac care unit (CCU), reported that sleep satisfaction score was more in the treatment group compared to the control group.\[[@ref37]\]

With regard to the cross-over design of the present study, the intergroup effect of earplugs and eye mask usage on sleep effectiveness and sleep disturbance in the two steps of treatment and control was investigated and showed a significant difference. As a result of positivity of carryover effect in the investigation of both components and positivity of periodic effect in the component of sleep disturbance, positive effect of these tools (earplugs and eye mask) on sleep effectiveness and sleep disturbance was not confirmed. These results are in line with those of Martin (2008) who showed usage of earplugs and eye mask had no significant effect on sleep effectiveness and sleep disturbance.\[[@ref8]\] Meanwhile, the research conducted using physiologic sleep measurement tools reported different results and recommended the usage of these tools as a strategy to improve patients' sleep quality. Fung (2010), in a study on healthy individuals hospitalized in an ICU simulated environment through polysomnography, showed that by wearing earplugs and eye mask, not only the quality of sleep increased but also the level of REM sleep and nocturnal melatonin level increased.\[[@ref17]\] Wallace (1999) showed that wearing earplugs increased REM sleep.\[[@ref27]\]

Although most of the studies have investigated the effect of earplugs on sleep quality and a few have investigated the effect of eye mask on sleep quality, possibly one of the reasons for the inconsistency between this result and those of other studies is the sleep scores of various patients in these two components. In fact, the psychological effect of wearing these tools was so high that patients magnified their sleep scores and reported them. On the other hand, positivity of carryover effect in the present study indicates short washout time between the two steps of treatment and control. In fact, as sleep measurement was conducted by VSH self-report tool in the present study, patients' consciousness was essential to measure their sleep quality, but conscious patients were often transferred from ICU and this issue made it very difficult to increase the washout time.

As the effect of earplugs and an eye mask on sleep effectiveness and sleep disturbance was not confirmed in the present study, the obtained results concerning sleep supplementation component showed that wearing these tools, in addition to promoting nocturnal sleep quality, reduced day time sleep supplementation, which is not consistent with the study of Martin which reported wearing earplugs had no significant effect on sleep supplementation.\[[@ref8]\] Despite the sleeping effect of narcotics, the obtained results showed no significant difference in narcotic consumption levels in the two steps of treatment and control, and on the contrary, their consumption was less in the treatment step which is consistent with the results obtained by Neyse *et al.*\[[@ref33]\] Their results showed no significant difference in sleep medication consumption after wearing earplugs and eye mask.

C[ONCLUSIONS]{.smallcaps} {#sec1-5}
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With regard to the results of the present study, despite the reported positive effects of earplugs and eye mask on sleep quality of the patients hospitalized in ICU, especially their positive effect on sleep supplementation and reduction of narcotics' consumption, conducting another study with a larger sample size and a longer washout time seems essential. With regard to the importance of sleep among hospitalized patients in ICU, it is also suggested to use physiologic sleep investigating tools like polysomnography parallel to sleep quality subjective measurement tool, in order to be able to judge more precisely about the efficiency of wearing earplugs and eye mask.
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